A multipurpose plasmid, pUR222, was constructed. It contains six unique cloning sites (PstI, Sail, AccI, Hindi!, BamHI and EcoRI) in a small region of its lac ^-gene part. Insertion of foreign DNA into the plasmid can be easily detected. Bacteria harbouring recombinant plasmids generally give rise to white colonies, while those containing only vector DNA form blue colonies on indicator plates. Plasmid DNA purified by a rapid method (Birnboim, H.C. and Doly, J. (1979) Nucl. Acids. Res. 1_, 1513-1523) can be used for chemical sequencing of the cloned insert DNA. Labeled fragments need not be isolated after cutting with the proper restriction enzymes and are treated directly according to the sequencing protocol of Maxam and Gilbert.
INTRODUCTION
DNA sequencing has become one of the most important tools for the analysis of pro-and eucaryotic genes. Efforts to simplify the enzymatic sequencing routine have been reported: the single-stranded phage Ml3mp7 was used for "shotgun" DNA sequencing using the chain-termination method (1, 2) . The six cloning sites on the phage mp7-DNA are arranged as an inverted repeat such that only the PstI site, which constitutes the axis of symmetry, is unique. Here we report the construction of a plasmid, pOR222, which contains the same six cloning sites as unique sites. Cloning in anyone of the six sites generally can be (see discussion) monitored by the appearance of white colonies in a background of blue colonies which contain only vector DNA on appropriate indicator plates (3) . Overlapping restriction fragments can be cloned in the six different restriction sites by cutting the DNA to be cloned with a variety of different restriction enzymes which create the same pro-truding ends. The plasmid pUR222 is as good for shotgun cloning as phage Ml3mp7 and in addition allows cloning of DNA fragments having different protruding ends since all cloning sites are unique in the plasmid.
Chemical sequencing of DNA fragments, cloned in plasmids, generally requires the isolation of these fragments; after labeling and treating with a second restriction enzyme the fragments have to be isolated once more (4) . DNA fragments cloned in pUR222 can be sequenced very rapidly by the MaxamGilbert technique (4) since some steps of the standard procedure have been simplified or omitted. The six unique restriction sites in the Z^ gene can be used for cloning, cutting and recutting in such a way that the cloned fragment is labeled only at one end and that the other labeled fragment is only a few base pairs long. Plasmid DNA is pure enough for DNA sequencing after preparation according to Birnboim & Doly (5). We prepare plasmid DNA from one colony or 0.5ml overnight culture, digest it with one • restriction enzyme, label the ends and' treat with a second restriction enzyme which cuts close to the first one. DNA sequences can be read from such preparations.
MATERIALS AND METHODS
Phages Ml3mp7 and mp2-PstI and the plasmid pURl have been described (1, 3, 6) . Plasmid pOC4 is a pUR2 variant (3) which contains in the EcoRI site the 42 bp polylinker from Ml3mp7 and which has lost the PstI site in the ampicillin gene after mutagenesis (7) . Plasmid pUK201 is a derivative of pUR2 carrying the lac operon except the I_ gene and having a unique BamHI site flanked by Eco RI sites in position of codon 5 in the Z_ gene (8) . Plasmid pUR168 is a derivative of pBR322 (9) , which has the chloramphenicol-resistance gene from the phage PI Cm (10) cloned in its PstI site.
E.coli K12 BMH 71-18 has been described (11) . Other strains used are F Z£ M15recA which has the genotype [lacprqj^thi 08OdlacZ£ M15 ara strArecA and F'llrecA which has the genotype [^ rifA strA recA F'lacI , ,z pro .
Restriction enzymes H i n d i , PstI , Sail, BamHI, Haell, Hpall, TaqI and DNA-polymerase I (large fragment) were purchased from BRL, USA. AccI was obtained from New England Biolabs, USA, and EcoRI from Boehringer, Mannheim. All digestions with restriction enzymes were performed in the same buffer (lOmM Tris-HCl pH 7.6, 10 mM MgCl 2 , 6 mM 6-mercaptoethanol, 50 mM NaCl) except for Sail digestions (same buffer but 150 mM NaCl) and Haell digestions (same buffer without NaCl). T4-DNA ligase was isolated from a lambda lysogenic strain (12, 13) .
[a P] dNTPs (40O and 2-3O00 Ci/mmoles) were obtained from Amersham, England. Isopropyl-thiogalactoside (IPTG) and 5-bromo-4-chloro-indolyl-B-D-galactoside (X-Gal) were purchased from Bachem, USA. Ampicillin was a gift of Bayer AG, Leverkusen.
Transformation, agarose-gel electrophoresis and ligase reactions were performed as described in (14, 15) . DNA was eluted from gels and sequenced according to Maxam and Gilbert (4) . Large amounts of DNA were prepared following the procedure of Clewell (16) , small amounts of DNA according to Birnboim and Doly (5).
Labeling of DNA: After cleavage with the appropriate restriction enzyme in a volume of 30 Ul, the reaction mixture was added to dried [a P] dNTP (lOUCi) and incubated with 0.5 units of DNA-polymerase I (large fragment) for 10 minutes at roomtemperature. After chasing with 2 ill 10 mM dNTP for 5 minutes at the same temperature, the reaction was stopped by heating 10 minutes to 70 C. Mutagenesis of plasmid-DNA was carried out as described in (17) .
RESULTS

Construction of the plasmid DUR222
To construct the plasmid pUR222 several intermediates had to be prepared ( Construction of the plasmids pUR2-Pst and pUK213 is described in Results. 0.5 ug of pUR2-Pst and 0.1 ug DNA of pUK213 were mixed, cleaved with PstI and ligated with T£-DNA ligase. An aliquot of the mixture was used to transform strain F'1lrecA (Materials and Methods). Plasmid DNA isolated from blue colonies on OJA plates was first tested for the presence of the 42 bp polylinker fragment (RBSPSBR) eight of ten plasmids lacking this fragment were analysed further; the region of the polylinker (PSBR), was sequenced in a MboII-EcoRI fragment. The MboII site shown in the diagram is not unique. One of the plasmids with the predicted sequence (Fig.2) was called pUK217. The construction of the plasmid pUR219 is also described in Results. The isolated HaelI fragment carrying the PSBR polylinkerfragment was cloned in pUR219 after partial Haell digestion. The orientation of the Haell-lac fragment in pUR222 was determined by restriction analysis.
used for transformation of strain F MlSrecA. White colonies were picked from indicator plates containing IPTG, X-Gal and ampicillin (OJA-plates) and tested for the presence of the Cm gene.
The resulting plasmid was called pUK213 (Fig.l) . Plasmid pUK217 was constructed (Fig.l ) from pUK213 and p U R 2 -P s t . with 1 u.1 of the ligation mixture. 720 colonies were obtained on OJA-plates. 195 colonies were white, 15 light blue and the rest dark blue. 12 white, 2 light blue and 100 blue colonies were picked and plasmid DNA was prepared as described. For the preparation of plasmids from the blue colonies ten were pooled for each of the ten preparations. Aliquots of the plasmid DNA were cut with Pstl and EcoRI and run together with the Hpall fragments of pBR322 on polyacrylamide gels. All plasmids from white colonies carried inserts as can be seen in Fig.3 . One of the two plasmids from the light blue colonies carried a fragment which had the same size as a Hpall fragment of pBR322 (No 15 of / 2 3 4 5 6 7 8 9 10 Ref. 19 ) which should not alter the reading frame but which carries a UGA codon in phase. No fragment corresponds to the size (about 6 bp) of the insert of the other light blue colonies. We found three fragments in the properly digested plasmid DNA of the 100 blue colonies. Two of the fragments were identical. They had the size of those fragments (No 8 and 12A of Ref. 19 ) which should not destroy the reading frame of lac Z^ according to the DNA sequence of pBR322 (18, 19) .
The frequency of recombinant plasmids obtained by cloning Hpall fragments of 9 -622 bp length was about 30%. The frequency of recombinant plasmids, which were not detected on indicator plates as light blue or white colonies is low enough (three percent of the blue colonies) to be no serious obstacle to "random" sequencing. Direct sequence analysis of DNA fragments cloned in pUR222
One of the pUR222 clones containing an Hpall fragment of pBR322 was used for DNA sequence determination (Pig.4). 5 Ul of a plasmid preparation (5) was cleaved with BamHI in a volume of 30 ul, labeled as described in 'Material and Methods' and cleaved with EcoRI. The DNA was purified from salt and other contaminants by centrifugation through one ml of Sephadex G50 in a tip of an Eppendorf pipette (20) . The Sephadex had been 
GG* CCTAG GATCC EcoRI
G
EcoRI
GATCCGGGGAATTC
.GGCCCCTTAAG
Pill tatri _GG* GATCCGGGG AATTC T X T A G .GGCCCCTTAA <»
DETEnMNATKN OF Th€ SEQUENCE
Fxg.
4.
Preparation of i n s e r t s cloned in pUR222 for sequencing.
pretreated with E.coli DNA. The endlabeled DNA was sequenced according to the procedure of Maxam and Gilbert (4). Plasmid DNA gives readable sequence patterns even in the presence of approximately 10% chromosomal DNA (Fig.5) .
DISCUSSION
The main difficulty of sequencing random restriction fragments of DNA seems to be the rather inexplicable tendency of some fragments to escape cloning. All cloning vectors which Overlapping restriction fragments generated with Hpall and TaqI can be cloned in the AccI site of pUR222 (see also Table 1 ) . In our experiment with pBR322 DNA the cloning frequency seemed to be the same for various restriction fragments. Thus we feel that it should be possible to obtain the total sequence of a DNA region of interest by analysing Hpall and TaqI fragments alone. However in some cases it may be necessary to screen blue colonies. As we have shown this can be done easily by pooling 10 or even more blue colonies to analyse the presence of a plasmid carrying a cloned fragment.
The second distinguishing feature of our sequencing scheme which needs discussion is the method of plasmid isolation.
We estimate that our plasmid DNA is contaminated to about ten percent with chromosomal DNA. The presence of the chromosomal DNA leads to a faint "ladder" in the gels. The faint "ladder" causes a reading ambiguity of some C/Ts. The errors due to this When the AccI site is used for cloning, plasmid DNA carrying the insert is treated with BamHI• Then the ends are labeled with DNA polymerase I and recut with EcoRI (see F i g . 4 ) . Whenever the plasmid DNA carrying the insert is first cut with BamHI, isolation of the labeled fragment is not necessary. This general strategy does not work when the BamHI site is used for cloning (last line) since PstI does not cut after cutting with Sail and labeling of the Sail site. The distance between the PstI and Sail cut (two bases) is probably too small. ambiguity do not seem endanger the sequencing scheme. The fragment inserted in the opposite sense should correct the errors since A/G residues can be read unambigously.
The last aspect to be discussed is the fact that it is not necessary to isolate and' purify the labeled fragment to be sequenced (Table 1 ) . A similar approach has been described for sequencing cDNA of Semliki Forest virus using linker mutagenesis (23) . The other fragment carrying label in our procedure (Fig.4) is rather small -nine basepairs. This implies that the first nine positions of the sequence will be unreadable. Again this should be of no harm since overlapping fragments will be sequenced if we sequence Hpall and TaqI fragments. In principle then our method should speed up chemical DNA sequencing drastically.
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